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(57) ABSTRACT

In accordance with various embodiments, there are printing
apparatuses and methods of enhancing an image quality on a
media. The method of enhancing an image quality on a media
can include providing an ink-based halftone image on a
media, wherein the halftone image can include an amount of
noise. The method can also include depositing a transparent
overcoat layer at least over the halftone image, wherein the
transparent overcoat layer can include a major amount of
cross-linkable resin and a minor amount of a photoinitiator.
The method can further include embossing the transparent
overcoat layer to form an embossed micro-structured over-
coat layer and curing the embossed micro-structured overcoat
layer to form the micro-structured overcoat layer, such that
the micro-structured overcoat layer reduces the amount of
noise.

9 Claims, 4 Drawing Sheets
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MICROSTRUCTURED IMAGE OVERCOAT
LAYER FOR IMPROVED IMAGE
UNIFORMITY APPLIED WITH BLANKET
OVERCOATER AND FUNCTIONAL
EMBOSSING ROLLER

DESCRIPTION OF THE INVENTION

1. Field of the Invention

The present invention relates to image quality on a media
and printing apparatuses and, more particularly, to methods
of improving image quality on a media.

2. Background of the Invention

Halftone image print uniformity is affected by image noise
in the form of mottle—defined as random, 2-d lightness non-
uniformities occurring in the 1-5 mm spatial domain. It has
been demonstrated that mottle is influenced by variation
across the coated paper substrates and across a range of print
technologies. Hence, optical property of the substrate itself
serves to exacerbate the print non-uniformities. Studies
examining a variety of coated media and synthetic media have
shown that papers can be identified that provide superior
image smoothness—reducing halftone mottle levels by as
much as 10 to 30%.

Overcoating processes (for example, using UV or Aqueous
overcoater by Epic Products International Corporation,
Arlington, Tex.) are commonly applied that provide a uni-
form polymeric overcoat layer in blanket or image wise uni-
form fashion. These overcoats do serve to provide improved
robustness, more uniform gloss, and even improved color
performance, but as they are a planar overcoat layer they do
little to affect the image noise performance of the output
image.

Furthermore, it has been described in detail in the literature
that the halftone dot gain is strongly dependent upon the paper
type. The Yule-Nielsen effect, which describes this optical dot
gain predicts the perceived darkness around the region of a
halftone dot which is convolved with a point spread function
of the paper. This result is effectively a diffusion of the dot
structure that results in darker or lighter tones, dependent
upon the ink and paper properties. The Yule-Nielsen equation
is given as:

1= 107D1/n

PDA= ——
1—107Dsh

x 100

wherein PDA refers to the physical dot area, Dt refers to the
relative density of tint, Ds refers to the relative density of
solid, and n is the correction factor. The correction factor n, is
highly dependent upon the paper and can vary from about 1 to
as high as about 4—which could have significant impact on
the observed, effective halftone dot area. Coated papers
n-value applied for this empirical formula are commonly in
the range of about 1.5 to about 1.7 and uncoated papers can be
in range of about 2.0 to about 2.7.

FIG. 1 schematically shows some of the sources that can
lead to this optical diffusion surrounding the halftone dot.
FIGS. 2A and 2B illustrate the effect of about 16% dot gain
and about 36% dot gain respectively on about 20% dot area.
The image variations can occur in the paper bulk and/or the
coating process, hence the effective correction factor n can
vary significantly within a sheet and can lead to significantly
varied perceived halftone densities through an intentionally
uniform region of halftone area.
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Accordingly, there is a need to overcome these and other
problems of prior art to provide new methods of improving
image quality on a media.

SUMMARY OF THE INVENTION

In accordance with various embodiments, there is a method
of enhancing an image quality on a media. The method can
include providing an ink-based halftone image on a media,
wherein the halftone image can include an amount of noise.
The method can also include depositing a transparent over-
coat layer at least over the halftone image, wherein the trans-
parent overcoat layer can include a major amount of cross-
linkable resin and a minor amount of a photoinitiator. The
method can further include embossing the transparent over-
coat layer to form an embossed micro-structured overcoat
layer and curing the embossed micro-structured overcoat
layer to form the micro-structured overcoat layer, such that
the micro-structured overcoat layer reduces the amount of
noise.

According to various embodiments, there is a printing
apparatus. The printing apparatus can include an image
enhancement subsystem to reduce an amount of noise in an
image on a media thereby improve the image quality. The
image enhancement subsystem can include an overcoat layer
deposition system to deposit a transparent overcoat layer at
least over the image on the media, wherein the transparent
overcoat layer can include a major amount of cross-linkable
resin and a minor amount of a photoinitiator, an embosser to
emboss the transparent overcoat layer to form an embossed
micro-structured overcoat layer at least over the image on the
media, and a curing station to cure the embossed micro-
structured overcoat layer to form the micro-structured over-
coat layer, such that the micro-structured overcoat layer
reduces the amount of noise.

In accordance with another embodiment, there is an image
on a media, the media including a micro-structured overcoat
layer at least over the image, such that the micro-structured
overcoat layer reduces an amount of noise in the image.

Additional advantages of the embodiments will be set forth
in part in the description which follows, and in part will be
obvious from the description, or may be learned by practice of
the invention. The advantages will be realized and attained by
means of the elements and combinations particularly pointed
out in the appended claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the inven-
tion, as claimed.

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate embodi-
ments of the invention and together with the description,
serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates optical scattering leading
to Yule-Nielson effect.

FIGS. 2A and 2B schematically illustrate the effect of
image variation that can occur as a result of varied diffusion
factor.

FIG. 3 schematically illustrates an exemplary printing
apparatus, according to various embodiments of the present
teachings.

FIG. 4 schematically illustrates a cross section of an exem-
plary image on a media with a micro-structured overcoat
layer, according to various embodiments of the present teach-
ings.
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FIG. 5 schematically illustrates an exemplary micro-struc-
tured overcoat layer including an array of microlenses,
according to various embodiments of the present teachings.

FIG. 6 shows an exemplary method of enhancing an image
quality on a media, according to various embodiments of the
present teachings.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present
embodiments, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approxima-
tions, the numerical values set forth in the specific examples
are reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily result-
ing from the standard deviation found in their respective
testing measurements. Moreover, all ranges disclosed herein
are to be understood to encompass any and all sub-ranges
subsumed therein. For example, a range of “less than 10” can
include any and all sub-ranges between (and including) the
minimum value of zero and the maximum value of 10, that s,
any and all sub-ranges having a minimum value of equal to or
greater than zero and a maximum value of equal to or less than
10, e.g., 1 to 5. In certain cases, the numerical values as stated
for the parameter can take on negative values. In this case, the
example value of range stated as “less that 10” can assume
negative values, e.g. -1, -2, -3, -10, =20, =30, etc.

FIG. 3 schematically illustrates a printing apparatus 300 in
accordance with various embodiments of the present teach-
ings. The printing apparatus 300 can include an image form-
ing subsystem 310 to print an image 332 on a media 330 and
an image enhancement subsystem 320 to improve the image
332 quality by reducing an amount of noise in the image 332.
The image forming subsystem 310 can include any suitable
printing technique, including, but not limited to, electropho-
tographic printing, inkjet printing, offset lithographic print-
ing, rotogravure, and flexographic printing. Any suitable
media 330 can be used, including, but not limited to, uncoated
paper, coated paper, films, folding carton materials, and cor-
rugated papers. In some embodiments, the image forming
subsystem 310 and the image enhancement subsystem 320
can be integrated together. In other embodiments, the image
forming subsystem 310 and the image enhancement sub-
system 320 can be separate units. The image enhancement
subsystem 320 can include an overcoat layer deposition sys-
tem 342 to deposit a transparent overcoat layer at least over
the image 332 on the media 330. Exemplary overcoat layer
deposition system can include, but is not limited to Epic
coater (Epic Products International Corporation, Arlington,
Tex.), Versa Coater (Drytac Corporation, Richmond, Va.),
and UV Coater (Fuller Grafix Inc., Wood Dale, I11.). In vari-
ous embodiments, the transparent overcoat layer can include
amajor amount of cross-linkable resin and a minor amount of
a photoinitiator. Any suitable cross-linkable resin can be
used, such as, for example, acrylics, epoxy resins, polyester,
polyurethane. Exemplary photoinitiator can include, but is
not limited to, quinoxaline derivatives, alpha hydroxyketone
family, bis-acyl phosphine oxide, and polymeric photoinitia-
tors with sidechains.

The image enhancement subsystem 320 of the printing
apparatus 300 can also include an embosser 344 to emboss the
transparent overcoat layer to form an embossed micro-struc-
tured overcoat layer at least over the image 332 on the media
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330 and a curing station 346 to cure the embossed micro-
structured overcoat layer to form the micro-structured over-
coat layer. Exemplary embosser 344 can include, but is not
limited to, anilox roll and any other suitable stamping roll
designed to provide suitable structure in the coating layer.
The curing station 346 can include one or more of thermal
curing system, electron beam, ultra violet curing system, and
other energy curing systems.

FIG. 4 schematically illustrates a cross section 430' of an
exemplary image 432 on a media 430 including a transparent
micro-structured overcoat layer 434 at least over the image
432. As shown in FIG. 4, the micro-structured overcoat layer
434 can include an array of microlenses 436. Each microlens
436 of the micro-structured overcoat layer 434 can capture
the incident illumination to focus onto a halftone dot 433 of
the halftone image 432 and thereby can reduce the amount of
noise. Furthermore, the micro-structured overcoat layer 434
can tailor the surface optical properties of the image 432 to
promote more uniform image reflection that can serve to
reduce the amount of image noise due to the non-uniform
media properties. The micro-structured overcoat layer 434
over the surface of the printed image 432 can provide a
smooth surface locally, and a uniform and predictable focus-
ing function. This can serve to improve the effective unifor-
mity of the point spread function of the media 430 that can
lead to localized variation in the Yule-Nielsen dot gain.

In various embodiments, the noise of the image 332, 432
can be further reduced by tuning and/or optimizing a refrac-
tive index of the transparent overcoat layer and hence of the
micro-structured overcoat layer 434. Any suitable method
can be used to tune and/or optimize the refractive index of the
transparent overcoat layer, such as, for example, blending
different cross-linkable resins, varying molecular weight of
the resins, and adding additives and/or dopants to the resin.
For example, polyester can have a refractive index in the
range of about 1.58 to about 1.64, polymethylmethacrylate
can have a refractive index in the range of about 1.49 to about
1.63, and polystyrene can have a refractive index in the range
of about 1.55 to about 1.59 depending upon the monomer
unit, functionality of the monomer unit, molecular weight,
and dopants.

FIG. 5 schematically illustrates an exemplary micro-struc-
tured overcoat layer 534 including an array of microlenses
536 in accordance with various embodiments. Each micro-
lens 436, 536 of the micro-structured overcoat layer 434, 534
can have a size, shape, and periodicity optimized for at least
one of the media 330, 430 quality, ink properties, and printing
technique used to print the image 332, 432 on the media 330,
430. As used herein, the term “ink properties” include colo-
rant concentration and ink mass per unit area. In some
embodiments, each microlens 436, 536 can have a diameter,
d from about 5 pm to about 50 pm and in other embodiments
from about 20 um to about 50 pm. In various embodiments,
each microlens 436, 536 can have a height h from about 5 um
to about 50 um and in certain embodiments from about 20 pm
to about 50 um. The periodicity ofthe microlenses 436, 536 in
the micro-structured overcoat layer 434, 534 can be in the
range from about 5 pm to about 50 um and in some cases from
about 20 pm to about 50 um. According to various embodi-
ments, each microlens 536 can include any suitable optically
optimized shape, including, but not limited to convex, con-
cave, and Fresnel lens structures. Focal lengths of each micro-
lens 536 can be in the range of about 10 pum to about 100 pm.
In various embodiments, the media 330, 430 can include, but
is not limited to uncoated paper, coated paper, films, folding
carton materials, and corrugated papers.
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FIG. 6 shows a method 600 of enhancing an image quality
on a media in accordance with present teachings. The method
600 can include providing an ink-based halftone image on a
media, wherein the halftone image can include an amount of
noise, as in step 601. The halftone image can be printed using
any suitable technique such as, for example, electrophoto-
graphic printing, inkjet printing, offset lithographic printing,
rotogravure, and flexographic printing. The method 600 of
enhancing an image quality on a media can also include a step
602 of depositing a transparent overcoat layer at least over the
halftone image, wherein the transparent overcoat layer can
include a major amount of cross-linkable resin and a minor
amount of a photoinitiator. The micro-structured overcoat
layer can be deposited using any suitable technique, such as,
for example, Epic coater (Epic Products International Corpo-
ration, Arlington, Tex.), Versa Coater (Drytac Corporation,
Richmond, Va.), and UV Coater (Fuller Grafix Inc., Wood
Dale, 111.). Any suitable cross-linkable resin can be used, such
as, for example, acrylics, epoxy resins, polyesters, and poly-
urethanes. Exemplary photoinitiator can include, but is not
limited to, quinoxaline derivatives, alpha hydroxyketone
family, bis-acyl phosphine oxide, and polymeric photoinitia-
tors with sidechains. In various embodiments, the step 602 of
depositing a transparent overcoat layer at least over the half-
tone image can further include tuning and/or optimizing a
refractive index of the transparent overcoat layer to reduce
noise. Any suitable method can be used to tune and/or opti-
mize the refractive index of the transparent overcoat layer,
including, but not limited to, blending different cross-link-
able resins, varying molecular weight of the resins, and add-
ing additives and/or dopants to the resin. For example, poly-
ester can have a refractive index in the range of about 1.58 to
about 1.64, polymethylmethacrylate can have a refractive
index in the range of about 1.49to about 1.63, and polystyrene
can have a refractive index in the range of about 1.55 to about
1.59 depending upon the monomer unit, functionality of the
monomer unit, molecular weight, and dopants. The method
600 of enhancing an image quality on a media can further
include a step 603 of embossing the transparent overcoat
layer to form an embossed micro-structured overcoat layer,
and a step 604 of curing the embossed micro-structured over-
coat layer to form the micro-structured overcoat layer. Exem-
plary embosser can include, but is not limited to anilox roll.
Any other suitable stamping roll designed to provide suitable
structure in the overcoat layer can also be used. The curing of
the embossed micro-structured overcoat layer can be done
using one or more curing techniques such as, for example,
thermal curing, electron beam curing, ultra violet curing, and
other energy curing. In various embodiments, the micro-
structured overcoat layer can include an array of microlenses
and each microlens can have a size, shape, and periodicity
optimized for at least one of the media quality, ink properties,
and printing technique used to print the halftone image on the
media. Furthermore, each microlens can have any suitable
optically optimized shape such as, for example, convex, con-
cave, and Fresnel lens structures.

In some embodiments, the step 602 of forming a transpar-
ent micro-structured overcoat layer at least over the halftone
image can include applying the overcoat layer in droplet
formation using a digital overcoater, such as, for example, an
inkjet coater. The step 602 can further include curing the
overcoat layer such that the droplets (hemispherical in shape)
are cured into an array of microlenses at least over the half-
tone image. In some embodiments, leveling may also be
applied but only to aid in the formation of the macroscopi-
cally uniform overcoat layer. The array of microlenses can
result in an altered effect point spread function for the final
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printed halftone image. In this manner one can provide an
improved perceived image uniformity without adversely
interfering with the printed image content.

Thus, the present teachings provide methods to improve
image uniformity by tailoring the optical properties of the
media and the image. Furthermore, the methods of improving
image quality in accordance with the present teachings are
applicable for a large range of media, such as, for example,
uncoated paper, coated paper, films, folding carton materials,
and corrugated papers and can be applied in conjunction with
existing overcoat processes. Also, the microstructure topol-
ogy does not adversely affect other print attributes.

While the invention has been illustrated respect to one or
more implementations, alterations and/or modifications can
be made to the illustrated examples without departing from
the spirit and scope of the appended claims. In addition, while
a particular feature of the invention may have been disclosed
with respect to only one of several implementations, such
feature may be combined with one or more other features of
the other implementations as may be desired and advanta-
geous for any given or particular function. Furthermore, to the
extent that the terms “including”, “includes”, “having”,
“has”, “with”, or variants thereof are used in either the
detailed description and the claims, such terms are intended to
be inclusive in a manner similar to the term “comprising.” As
used herein, the phrase “one or more of”, for example, A, B,
and C means any of the following: either A, B, or C alone; or
combinations of two, such as A and B, B and C, and A and C;
or combinations of three A, B and C.

Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specification
and practice of the invention disclosed herein. It is intended
that the specification and examples be considered as exem-
plary only, with a true scope and spirit of the invention being
indicated by the following claims.

What is claimed is:
1. A method of enhancing an image quality on a media,
comprising:

providing an ink-based halftone image on a media, wherein
the halftone image comprises an amount of noise due to
non-uniform properties of the media;

depositing a transparent overcoat layer at least over the
halftone image, wherein the transparent overcoat layer
comprises a major amount of cross-linkable resin and a
minor amount of a photoinitiator;

embossing the transparent overcoat layer to form an
embossed micro-structured overcoat layer; and

curing the embossed micro-structured overcoat layer to
form the micro-structured overcoat, wherein the micro-
structured overcoat layer comprises an array of micro-
lenses, each microlens having a diameter in the range of
about 5 pm to about 50 pm;

configuring the microstructured overcoat layer to reduce
the amount of noise due to optical diffusion surrounding
halftone dots in the inked-based halftone image and to
improve a perceived uniformity of the halftone image
compared to a perceived uniformity of the halftone
image without the overcoat layer,

wherein configuring the micro-structured overcoat layer
comprises:

arranging each of the microlenses in the microarray to
correspond to a single halftone dot of the halftone image,

capturing incident illumination with each of the micro-
lenses;

focusing the incident illumination captured by each of the
microlenses onto the corresponding halftone dot,
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thereby reducing the amount of noise due to optical
diffusion surrounding halftone dots.

2. The method of enhancing an image quality on a media,
according to claim 1, wherein the cross-linkable resin is
selected from a group consisting of acrylics, epoxy resins,
polyesters, and polyurethanes.

3. The method of enhancing an image quality on a media,
according to claim 1, wherein the photoinitiator is selected
from a group consisting quinoxaline derivatives, alpha
hydroxyketone family, bis-acyl phosphine oxide, and poly-
meric photoinitiators with side-chains.

4. The method of enhancing an image quality on a media,
according to claim 1, wherein the step of depositing a trans-
parent overcoat layer at least over the halftone image further
comprises tuning a refractive index of the transparent over-
coat layer to reduce noise.

5. The method of enhancing an image quality on a media,
according to claim 1, wherein each microlens has a size,
shape, and periodicity optimized for at least one of the media
quality, ink properties, and printing technique used to print
the halftone image on the media.
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6. The method of enhancing an image quality on a media,
according to claim 1, wherein each microlens has a shape
selected from the group consisting of convex, concave, and
Fresnel lens structures.

7. The method of enhancing an image quality on a media,
according to claim 1, wherein the ink-based halftone image
on the media is formed via a printing technique selected from
a group consisting of electrophotographic printing, inkjet
printing, offset lithographic printing, rotogravure, and flexo-
graphic printing.

8. The method of enhancing an image quality on a media,
according to claim 1, wherein the step of providing an ink-
based halftone image on a media comprises of providing an
ink-based halftone image on a media selected from a group
consisting of uncoated paper, coated paper, films, folding
carton materials, and corrugated papers.

9. The method of claim 1, wherein each microlens is in a
hemispherical shape.



